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Abstract: Fish nocifensive behavior can be studied and understood similarly to the way pain
is studied and understood in more advanced vertebrates. Nocifensive behavior is a behavioral
and physiological response to a noxious stimulus that leads to the fish avoiding it in the future.
This behavioral flexibility is an important criterion for inferring pain sentience in fish.
Modulation of the nocifensive behavior by anxiety, fear, or stress has already been
demonstrated in zebrafish. The affective experiences of fish will not be identical to those of
human beings, clearly. Empirical research will need to ascertain how similar they are.
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Introduction
Sneddon et al. (2018) makes interesting points on whether fish nocifensive behavior is
qualitatively similar to pain in vertebrates with bigger brains, including humans. They
summarize their own research on pain, behavioral flexibility, and cognition in different fish
species to support arguments about whether fish are sentient, whether they feel pain and
what it is like to feel pain. The authors appeal to Broom’s (2014) criteria for sentience, which
include the ability to experience positive and negative emotions. The recourse to sentience is
part of a tradition in welfare research that equates suffering and pain with subjective distress,
and therefore with the capacity for feeling: pain is generally viewed from the human
perspective, highly associated with subjective feelings and negative valence, and hence with
brain activity and its role in conscious function (Allen et al. 2005; Broom 2007, 2014;
Shettleworth 2009; Shriver 2006). In humans, the link between a felt state such as pain and its
underlying brain responses can be established by combining neuroimaging techniques with a
verbal report of pain (Rose 2002). In fish, however, the link is more difficult to demonstrate.
Moreover, important disanalogies exist because the brain regions typically associated with
conscious experiences in humans – including cortical regions – are either absent or reduced in
fish (Key 2016; Northcutt 2011).
Nocifensive Behavior as Evidence for Sentient Pain
Sneddon et al. are well aware of the limited applicability in fish of the traditional approach to
ascertaining pain in vertebrates. That is why they review the extensive evidence, much of it
gathered by themselves. In all the cases they discuss, pain is demonstrated with both a
physiological response, such as inflammation, and behavioral reaction to the stimulus
(nocifensive behavior) (Dawkins 2006; Mendl & Paul 2004, 2008; Paul et al. 2005). Pain can be
defined as an unpleasant sensory and emotional experience associated with actual or
potential tissue damage (IASP Task Force on Taxonomy 1994). In addition to showing that a
noxious stimulus induces nocifensive behavior, it must be shown that the animal learns that
the stimulus is unpleasant and avoids it in future (Sneddon et al. 2003): The animal must be
able to show behavioral flexibility.
Sneddon et al. (2003) demonstrated such responses in the rainbow trout,
Oncorhynchus mykiss. Specimens stimulated with 1% acetic acid significantly increased their
rate of opercular beats and showed anomalous swimming behavior, moving from side to side
balancing on the pectoral fin while resting on the bottom. They also scratched their lips into
the gravel and against the tank walls. Twenty-two nociceptive regions could be identified on
the face and head of that species when skin was stimulated by noxious heat. In zebrafish
(Danio rerio), specimens likewise increased their opecular beat rate and tended to occupy the
bottom of tank after a tail fin clip (Schroeder & Sneddon 2017) or injection of 1% acetic acid
to the tail (Maximino 2011). Moreover, in that study, the authors demonstrated that lidocaine
and acetylsalicylic acid had analgesic effects, reducing the abnormal behavioral and
physiological response after fish surgery. Schroeder and Sneddon thus suggested that the
increasing opercular beat rate is a distress signal that can be linked with noxious and painful
events in some species.
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“Top-Down” Modulation of Nocifensive Behavior in Fish
Behavioral flexibility is an important criterion for inferring that fish feel pain. However,
another important point, one not yet resolved by demonstrating that fish display nocifensive
behavior, concerns the distinction between nociception and pain: Because nociceptors and
nocifensive behavior can also be observed in a very wide range of species (including
invertebrates such as Aplysia californica; Walter 1996), many of which seem unlikely to display
sentience or other subjective states, the presence of nocifensive behavior alone provides little
or no direct evidence of pain; this is the core of the “nocifensive behavior as reflex” argument.
However, the “top-down” modulation of nociception by brain signals provides space for the
distinction between felt pain (that is, sentient pain) and nociception. Allen et al. (2005) and
Shriver (2006) argue that the dissociability between affective and sensory pain provides a
potential route to empirical assessment of sentient pain; and Farah (2008) uses this distinction
to separate suffering from “mere pain”. The sensory-discriminative function of pain (i.e., the
“what” and “where” information that is conveyed and can be processed mostly at the spinal
level) is qualitatively different from the affective function that motivates the animal to attend
(or not) to the noxious stimulus, and is processed in brain regions associated with emotion
and motivation (Auray et al., 2008). In this sense, affective pain “hurts”, while sensory pain
can be dealt with at the level of the spinal reflex.
Interesting evidence for this top-down modulation comes from our own previous work,
in which we show modulation of nocifensive behavior by anxiety, fear, or stress states in
zebrafish (Lima et al. 2012; Maximino 2011; Maximino et al. 2014). We have shown that
confinement stress (Maximino 2011) or an alarming substance (Maximino 2011; Maximino et
al. 2014), which induces fear-like responses, inhibits nocifensive behavior. In contrast,
environmental novelty (Maximino 2011), which induces anxiety-like responses, increases
nocifensive behavior. Lopez-Luna et al. (2017) reported similar responses in zebrafish larvae.
Wolkers et al. (2013; 2015a) showed that the opioidergic and cannabinoid systems
contributed to stress-induced antinociception in the piauçu, Leporinus macrocephalus. They
also showed that the dorsomedial telencephalon, the homologue of the mammalian limbic
associative amygdalar system (Maximino et al. 2013), is needed for stress-induced
antinociception (Wolkers et al. 2015b).
In general, these observations strengthen the idea of top-down modulation of
nocifensive behavior in fish, and hence of felt pain. It is possible to find contrary opinions in
the literature. Rose (2002), Key (2016), and Stevens and colleagues (2016)assume that the
lack of the neural structures associated with consciousness in humans makes fish unable to
feel pain. However, Broom’s (2014)criteria for sentience, as Martin & Gerlai (2018)state,
imply a continuum rather than binary responses. The evolutionary history of brain systems
associated with pain, moreover, allows for parallel evolution of different mechanisms to
support felt pain (Striedter 2016); and indeed there is a good deal of evidence on
neurobehavioral mechanisms that support both sensory and affective pain in fish (for reviews,
see Braithwaite et al. 2011; Demski 2013; Kalueff et al. 2012; Kittilsen 2013; Woodruff 2017).
The affective experiences of fish are certainly not identical to those of human beings, but, as
Martin & Gerlai put it, the question is not whether or not neurobehavioral systems are
identical, but “how similar is this feeling to what humans feel?” This is a question for empirical
research.
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